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INTRODUCTION
Xanthogranulomatous pyelonephritis (XGP) predominantly affects adults between 40 and 60 years of age who have a long-standing history of chronic pyelonephritis and urolithiasis. 1 Each year, there are 1.4 cases per 100000 people worldwide.
2 XGP is very rare among children. Only 265 cases have been reported in the English literature since 1960, 3 and only 12 cases have been reported in the Korean literature since the first case reported by Ahn, et al. in 1977 . [4] [5] [6] [7] [8] [9] [10] Most cases were finally diagnosed by histopathology after nephrectomy, because the clinical and radiologic features are difficult to characterize. Differential diagnoses include Wilms' tumor, renal cell carcinoma, renal abscess, infected renal cystic disease, renal tuberculosis, malakoplakia, and transitional renal cell carcinoma. 11 Therefore, it is important to pyelonephrosis. Computed tomography (CT) showed low attenuated parenchymal lesion with rim enhancement, renal calculi, perirenal inflammatory lesion, and renal mass ( Table 2 ). The type of XGP that was diagnosed based on preoperative radiologic studies was the focal form in 9 children and diffuse form in 5 children. The preoperative diagnoses included Wilms' tumor in 4 children, renal cell carcinoma in 3, renal abscess in 3, ureteropelvic junction obstruction in 2, and XGP in 2 children (Table 1) . Total nephrectomy was performed in 13 children, and conservative medical therapy was administered to one child, who was treated with intravenous antibiotic therapy after admission. After the preoperative diagnosis, percutaneous biopsy of the renal mass was performed. The biopsy specimen showed many characteristic foamy lipid-laden macrophages of XGP. Clinical features, such as palpable mass, anemia, renal calculi, and non-visualization of the kidney, on intravenous urography were more prominent in the diffuse type. Solitary renal mass on ultrasonography or CT were more frequently found in the focal type (Table 3) .
DISCUSSION
XGP is an uncommon form of chronic renal parenchymal infection. Although the focal form may be mistaken for renal cell carcinoma, the more commonly seen diffuse form has characteristic imaging features. 1,11 XGP is a rare atypical form of chronic pyelonephritis, characterized by destruction of the renal parenchyma, which is replaced by granulomatous tissue containing lipid-laden macrophages. 12 The initial description of the pathologic features of XGP was published in 1916 by Schlagenhaufer. In 1934, Putschar introduced the term, XGP. Many theories on the cause of XGP have been proposed and include urinary tract obstruction, infection (with pathogens Proteus mirabilis and Escherichia coli), and altered metabolism. However, the exact etiology is not clearly understood. 11, 13, 14 XGP predominantly affects middle-aged women, although infants and very old men are also affected. Approximately 70% of adult patients are women. 10, 15 In children, XPG is rare, and only 265 cases have been reported in the literature worldwide.
3 Only 14 cases have been diagnosed in Korean children, including 9 boys and 5 girls. Symptoms of XGP are usually non-specific. The most commonly reported symptoms are fever, abdominal and/or flank pain, weight loss, malaise, anorexia, and symptoms of lower urinary tract infection. 16 Clinically, establish the diagnosis before reaching a therapeutic decision, because a trial of antibiotic therapy or nephron sparing surgery is warranted, and unnecessary total nephrectomy may be avoided. The aim of the study was to examine the clinical characteristics and outcomes of this condition in Korean children.
MATERIALS AND METHODS
We reviewed 14 XGP cases of children in the Korean literature. The electronic database KoreaMed, which covered the period between 1960 and 2009, was used. The search terms used were 'xanthogranulomatous pyelonephritis', 'infant', 'child', 'childhood', and 'children'. We extracted 12 cases from the Korean Journal of Urology (7 cases), Korean Journal of Pediatrics (4 cases), and Nuclear Medicine and Molecular Imaging (1 case), and we added 2 more patients diagnosed at our institution. For each characteristic finding identified, a case review was performed to document the clinical symptoms, physical examinations, laboratory findings, imaging studies, preoperative diagnosis, histopathologic diagnosis, and management method. Statistically significant differences were determined using the Fisher's exact test or analysis of variance. A p-value less than 0.05 was considered statically significant.
RESULTS
The mean age of 14 patients (9 boys and 5 girls) (10 right kidneys, 3 left kidneys, and 1 both kidneys) identified was 79.4±66.5 months (range 1-168 months). The common clinical presentations were as follows: fever (85.7%), abdominal pain (57.1%), palpable mass (28.6%), anorexia (21.4%), and weight loss (14.3%). Associated conditions were a history of therapy-resistant pyelonephritis (57.1%), renal stone (28.6%), and recurrent pyelonephritis (14.3%). Laboratory abnormalities included leukocytosis (57.1%), anemia (57.1%), pyuria (57.1%), and impaired renal function (7.1%). Urine culture was positive in 4 children with Proteus mirabilis and in 1 child with Escherichia coli. However, 2 children with negative results had a previous medication history at another institution (Table 1) . Intravenous urography showed renal pelvis and calyceal change, non-visualization of nephrogram, and renal calculi. Ultrasonography demonstrated kidney enlargement, hydronephrosis, and pected when there is a history of recurrent or therapy-resistant pyelonephritis and presence of renal calculi, anemia, and leukocytosis. The most commonly reported clinical characteristics in the Korean literature were fever, abdominal pain, anemia, leukocytosis, pyuria, palpable renal mass, and stone. The right kidney was the dominantly affected side (Table 1) . Table 3 shows the clinical features of diffuse and focal xanthogranulomatous pyelonephritis. Palpable mass, renal calculi, non-visualization of kidney on intravenous urography, and anemia were more frequently encountered in the diffuse type than in the focal group. In children, the clinical features and laboratory findings of XGP resemble Samuel, et al. 11 reported that most children present with flank pain and high fever, and Levy, et al. 17 reported that most common symptoms in children included fever, abdominal and/or flank pain, weight loss, malaise, anorexia, and lower urinary tract symptoms. Similarly, the most common findings in Korean children were flank pain and high fever ( Table 3 ). The most common physical examination findings included palpable mass, and no single radiologic feature was diagnostic. In children, the differential diagnoses include Wilms' tumor, neuroblastoma, clear cell carcinoma, and inflammatory processes such as pyelonephrosis, renal tuberculosis, and renal abscess.
2,11 XGP should be sus- higher incidence of XGP is observed in males (Table 3) . Recently, increasingly sensitive radiologic investigations (ultrasonography, computed tomography, and magnetic resonance imaging) in combination with clinical suspicion have made preoperative diagnosis possible. 18 Ultrasonography can demonstrate enlargement of the entire kidney with multiple hypoechoic areas representing hydronephrosis and calyceal dilatation with parenchymal destruction as well as calculi. However, acoustic shadowing is an unpredictable finding and may be masked by peripelvic fibrosis. In particthose of chronic pyelonephritis more closely than in adults. 5 The histopathologic process is diffuse, involving the whole kidney in 92% and focally confined in 8%. 11 The diffuse form of the condition in children occurs equally in boys and girls, and the focal variant occurs more commonly in girls (83%). The female to male ratio of 2.7-4.5 : 1 is observed in adults. 5, 11 However, the Korean data showed that 35.7% of cases were of the diffuse type, and 64.3% were the focal type. The female to male ratio in the diffuse type was 0.25 : 1 and 0.8 : 1 in the focal type. According to these ratios, a dren, it is important to ascertain the diagnosis before reaching a therapeutic decision. A trial of antibiotic therapy or nephron sparing surgery should be considered. However, correct preoperative diagnosis in Korean children was made in only 2 cases (Table 1 ). The treatment of choice for diffuse XGP is nephrectomy and excision of the involved surrounding tissue, and the treatment for focal XGP is partial resection or enucleation after a trial of medical management if indicated. However, focal XGP may be incorrectly interpreted as renal cell carcinoma. Therefore, thorough followup and monitoring are necessary. [23] [24] [25] Only 1 child among 14 children identified in the Korean data was treated with conservative medical therapy alone, and follow-up CT showed complete resolution of the renal mass (Fig. 1) . However, due to the limited number of cases reported, the multicenter data, retrospective nature of the study, and limited quantity of data available (for example, nuclear scan test can examular, an atypical sonographic appearance is indistinguishable from some renal parenchymal diseases. 19, 20 CT remains the most appropriate radiologic investigation. Typically, the disease is diffuse, and a renal calculus may be seen in a contracted renal pelvis of an enlarged kidney, with characteristic low-attenuation and peripherally enhancing rounded masses with rim enhancement. 1, 21, 22 Extrarenal extension of the inflammatory process is frequently seen. Less commonly, the process is confined focally and difficult to differentiate from malignant disease on radiologic studies. 21 According to the Korean data, preoperative diagnoses in 5 children with diffuse type XGP included ureteropelvic junction obstruction (2 children), renal cell carcinoma (1 child), renal abscess (1 child), and XGP (1 child). The preoperative diagnoses of 9 children with focal type XGP were Wilms' tumor (4 children), renal cell carcinoma (2 children), renal abscess (2 children), and XGP (1 child) ( Table 1 ). In chil- 
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ine the function of each kidney, however, not done in all cases), our review needs further validation. XGP in children is a rare condition, and preoperative diagnosis, especially of the focal type, remains challenging. However, if a renal mass, particularly one of small size, is associated with fever, malaise, or flank tenderness, one should consider the possibility of XGP. Since focal XGP commonly presents with a renal mass and is difficult to differentiate from renal tumor, ultimate efforts, such as percutaneous renal biopsy, should be made to establish the diagnosis. Once an early diagnosis is made, the prognosis may be excellent following appropriate management.
In conclusion, XGP in children is a rare condition, and preoperative diagnosis is very important. Increasingly, sensitive radiologic investigations, such as ultrasonography, CT, and magnetic resonance imaging, in combination with clinical suspicion have made preoperative diagnosis possible. However, focal XGP may be misdiagnosed as renal malignant disease. If a child presents with a renal mass, particularly a small-sized solitary mass, that is associated with recurrent or therapy resistant urinary tract infection, fever, leukocytosis, or renal stone, the possibility of XGP should be considered.
